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ABSTRACT

Objective: To investigate the protective roles of phosphate and tension homology deleted on chromsome ten (PTEN)/p16 in 
gastric cancer (GC) progression by reducing the production of proinflammatory cytokines and intestinal metaplasia (IM) in gastric 
mucosa of chronic atrophic gastritis (CAG). 

Methods: Thirty normal persons (normal group), 30 CAG patients with small intestinal metaplasia (SIM) (CAG+SIM group), 
30 CAG patients with colonic intestinal metaplasia (CIM) (CAG+CIM group), and 30 GC patients (GC group) were enrolled. The 
gastric mucosa tissues were collected. The expressions of PTEN, p16, interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), caudal 
type homeobox transcription factor (CDX) 1 and CDX2 were detected. The correlations of these indexes in GC tissues were analyzed. 
Moreover, the expressions of PTEN and p16 in GC cell lines were detected. After over-expressed PTEN and p16 in GC cells were 
constructed successfully, the expression changes of IL-1β, TNF-α, CDX1 and CDX2 were measured, and the roles of PTEN and p16 in 
GC cell proliferation and tumor growth abilities were analyzed. 

Results: The expression levels of PTEN and p16 were decreased while IL-1β and TNF-α, CDX1 and CDX2 were increased in 
gastric mucosa in CAG+SIM, CAG+CIM and GC groups, compared with normal group. The degrees of these decreased and increased 
tendencies of above genes were associated with the degree of IM and canceration of gastric mucosa. The levels of IL-1β, TNF-α, CDX1 
and CDX2 were negatively correlated with PTEN and p16 in GC specimens. Besides, PTEN and p16 expressions were declined in 
diverse GC cell lines, and the over-expression of PTEN and p16 could restrain the expressions of IL-1β, TNF-α, CDX1 and CDX2 as 
well as inhibit the GC cell proliferation and tumor growth.

Conclusion: PTEN and p16 can inhibit the inflammatory response and reduce the IM in gastric mucosa of CAG and prevent the 
occurrence of carcinogenesis.
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Introduction

Gastric cancer (GC), as a primary aggressive 
malignancy in the alimentary system, is one of the 
leading factors of cancer related death all over the 
world(1-3). With a rapid rise of morbidity over the past 
30 years, GC has brought considerable economic 
burden to the global health-care system(4). The 5-year 
survival rate of GC sufferers is still relatively low 
under the great improvement of iatrotechniques in 
recent years(5). Like other malignancies, the aberrant 

powerful cell proliferation and tumor growth are the 
main features of GC(6-8). Recently, growing evidence 
shows that the chronic atrophic gastritis (CAG) is 
closely related to GC. CAG is often accompanied 
by intestinal metaplasia (IM) which is an indicator 
of gastric mucosal injury and an important 
epithelial change in CAG. IM is defined as the 
disappearance of normal gastric mucosal epithelium 
and its replacement by Paneth cells, goblet cells 
or absorption cells. IM is divided into small IM 
(complete IM) and colonic metaplasia (incomplete 
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IM) according to the method of mucus histochemical 
staining(9). Sarnak and Jaber(10) have proposed 
a pattern of gastric carcinogenesis, the chronic 
superficial gastritis-CAG-IM-abnormal hyperplasia-
cancerization, indicating that gastric carcinogenesis 
is an accumulation result of multi-gene mutation 
caused by multi-step evolution. It is important to 
study the inactivation and abnormal expression of 
tumor suppressor genes (TSGs) for elucidating the 
process of occurrence and development of GC(11).  

The TSGs of phosphate and tension homology 
deleted on chromsome ten (PTEN) and p16 (also 
named MTS (multiple tumor suppressor 1) are 
involved in multifold malignancies including neck 
squamous cell carcinoma(12), canine osteosarcoma(13), 
GC(14), etc. Besides, PTEN and p16 also participate 
in regulating the inflammatory response(15,16). 
Weightily, inflammation is an important factor in 
the pathogenesis in multifarious gastrointestinal 
disorders by influencing the mucosal architecture(17). 
However, no literature about the effects of PTEN/
p16 on IM is reported. Therefore, this study explored 
whether the tumor inhibitor gene PTEN/p16 played 
the roles in GC through the pathways of inflammatory 
reaction and IM.

Materials and methods

Clinical specimens
Gastric mucosal specimens were acquired from 

30 normal persons (18 males and 12 females; 48-
62 years, average 55.32±7.87 years) who attended 
physical examination (normal group), 30 chronic 
atrophic gastritis (CAG) patients with small intestinal 
metaplasia (SIM) (16 males and 14 females; 45-
63 years, average 54.53±7.27 years) (CAG+SIM 
group), 30 CAG patients with colonic intestinal 
metaplasia (CIM) (16 males and 14 females; 49-
65 years, average 55.24±7.65 years) (CAG+CIM 
group) and 30 GC patients (19 males and 11 females; 
50-72 years, average 56.53±8.12 years) (GC group) 
in our hospital from May 2016 to May 2019. All 
the patients were firstly diagnosed, and the basic 
data (age, gender, etc.) had no statistical difference 
among different groups (P > 0.05). Classification of 
IM was based upon method of histochemical staining 
of mucus, and the diagnosis of CAG with IM and 
GC was performed by two senior pathologists, 
independently, according to blind method. All 
GC patients underwent surgery excision with no 
prior anticancer cure including chemotherapy and/
or radiotherapy. All patients had complete clinical 

records. This study was approved by the ethics 
committee of our hospital, and the informed consent 
was obtained from the family of patients.

Cell culture
The normal human gastric mucosa epithelial 

cell line GES-1 and human gastric cancer cell line 
AGS, 23132/87, KATO3 and HGT1 were purchased 
from the Cell Bank of Chinese Academy of Sciences 
(Shanghai, China). All cells were maintained in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Sigma-Aldrich, St Louis, MO, USA) or RPMI 
1640 (Invitrogen, Shanghai, China) with 10% FBS 
(Gemini Bioproducts, Calabasas, CA) in a 5% CO2 
humidified chamber at 37 °C. 

RNA interference and transfection assays
For constructing the over-expressed PTEN and 

p16 in AGS cells, pcDNA3.0 plasmid vector-PTEN 
and pcDNA3.0 plasmid vector-p16 were synthesized 
in Shanghai GenePharma Co., Ltd. (Shanghai, 
China), then were transfered into AGS cells by 
using Lipofectamine 2000 Transfection reagent 
(Thermo Fisher Scientific, Carlsbad, CA) according 
to manufacturer’s instructions. The empty vector 
was used as the control. Transfection efficiency was 
assayed by using qRT-PCR.

Real-time quantitative reverse transcription–
polymerase chain reaction (qRT-PCR)

qRT-PCR was carried out to determine the 
mRNA expression levels of TSGs of PTEN and 
p16, inflammatory factors of interleukin-1β (IL-
1β) and tumor necrosis factor-α (TNF-α), and 
the common and iconic protein molecules in IM 
of caudal type homeobox transcription factor 1/2 
(CDX1/2) from clinical specimens and various 
cells referencing the reported study (18). Briefly, 
the total RNA was isolated using Trizol reagent 
(Invitrogen, USA) according to the manufacture’s 
guide. After cDNAs were produced by using high-
capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, USA), cDNAs were amplified utilizing 
the following primers sequences: PTEN (human): 
forward, 5'-GCCGTTCGGAGGATTATTCG-3', 
reverse, 5'-AGAGATGGCAGAAGCTGCTG-3'; 
p16 (human): forward, 5'-GCTGCCCAAC-

GCACCGAATA-3', reverse, 
5 ' - A C C A C A G C G T G T C C A G G A A - 3 ' ; 
IL-1β (human): forward, 
5´-AACAGGCTGCTCTGGGATTCTCTT-3´, 
reverse, 5´-TCATTTCACTG-
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GCGAGCTCAGGTA-3´; TNF-α (human): 
forward, 5´-TCTTCTGCCTGCTGCACT-

TTGG-3´, reverse, 
5 ´ - AT C T C T C A G C T C C A C G C C AT T G - 3 ´ ; 
CDX1 (human): forward, 
5'-ACAATCCGGCGGAAATCAG-3', reverse, 
5'-TTCACTTTGCGCTCCT-

TTGC-3'; CDX2 (human): forward, 
5'-CTGGAGCTGGAGAGGAGTTTC-3', reverse, 
5'-ATTTTAACCTGCCTCTCAGAGAGC-3'. The 
human GAPDH was used as an internal control, and 
the primers sequences of GAPDH (human) were: 
forward, 5'-ACAGTCAGCCGCATCTTCTT-3', 
reverse, 5'-GTTAAAAGCAGCCCTGGTGA-3'. 
The relative quantification was measured by the 
ΔΔCT method. The PCR assays were performed for 
three times. 

Spearman correlation coefficient analysis 
The data of expression levels of PTEN, p16, 

CDX1, CDX2, IL-1β and TNF-α were gathered and 
the expression relevance among them was analyzed 
by using spearman correlation coefficient method. 

Cell proliferation assay
A cell counting Kit-8 kit (CCK-8; Beyotime, 

Shanghai, China) was used to assay the cell 
proliferation following the manufacturer’s 
instructions. Briefly, AGS cells were seeded in 96-
well plates at 5x103 cells/well and incubated with 10 
µL CCK-8 solution in 100 μL fresh media for 3 h at 
37°C. The optical density was read at an absorbance 
wavelength of 450 nm at 0 h, 24 h, 48 h and 72 h with 
a full wavelength microplate analyzer (Molecular 
Devices). Each result was presented by the mean of 
triplicate assays.

Tumor growth analysis in vivo 
Twelve BALB/C nude mice with 6-weeks-old 

were purchased from the National Experimental 
Center (Beijing, China). 1×107 AGS cells 
transfected with pcDNA-PTEN/p16 or empty vector 
were inoculated under the skin of nude mice. The 
subcutaneous tumor size was measured at every 7 
days during 35 days to plot the tumor growth curve. 
On the 35th day after injection, the mice were 
executed by twisting the neck. Then, the tumors were 
resected and weighed to measure the subcutaneous 
tumor mass. Animal experiments were carried out 
strictly in accordance with the agreement approved 
by the administrative department of animal care/ 
treatment in the laboratory of our hospital. The 

ethical recognition was provided by our hospital.

Statistical analysis
Statistical analysis was performed with SPSS 

16.0 (SPSS, Chicago, IL, USA). Results were 
expressed as means±standard deviation (SD). To 
assess statistical differences, quantitative data 
between two groups were assessed using the 
independent-samples t-test and Student’s t-test, and 
quantitative data between more than two groups 
adopted one-way analysis of variance. For all 
continuous data, the normality tests were performed. 
The Spearman correlation coefficient analysis 
was performed for comparing the correlation of 
quantitative data between two groups. P < 0.05 was 
considered as the statistically significant difference.  

Results

Expressions of PTEN/p16, IL-1β/TNF-α, and 
CDX1/CDX2 in clinical specimens

Compared with the normal group, the 
expressions of PTEN and p16 were decreased in 
CAG+SIM group (P < 0.05), CAG+CIM group (P < 
0.01), and GC patients (P < 0.01), respectively. The 
PTEN and p16 expression levels were declined in 
CAG+CIM group compared with CAG+SIM group 
(P < 0.05). Compared with CAG+SIM group, the 
PTEN and p16 levels were obviously reduced in GC 
group (P < 0.01), and showed a downtrend when 
compared with CAG+CIM group, but the difference 
was not statistically significant (P > 0.05) (Figure 1 
A). Moreover, the expression levels of inflammatory 
factor IL-1β and TNF-α and symbolic molecules of 
IM of CDX1 and CDX2 showed a similar opposite 
trend with PTEN and p16 (Figure 1 B and C).

Figure 1: Relative mRNA expressions of PTEN/p16, IL-1β/
TNF-α, and CDX1/CDX2 in clinical specimens. PTEN, pho-
sphate and tension homology deleted on chromsome ten; IL-1β, 
interleukin-1β; TNF-α, tumor necrosis factor-α; CDX1/2, cau-
dal type homeobox transcription factor 1/2. *P < 0.05 vs. normal 
group; **P < 0.01 vs. normal group; #P < 0.05 vs. CAG+SIM 
group; ##P < 0.01 vs. CAG+SIM group.
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Expression relevance between PTEN/p16, 
IL-1β/TNF-α and CDX1/CDX2 in GC clinical 
specimens

Spearman correlation coefficient analysis 
results displayed that, the expression levels of 
PTEN and p16 had a negative correlation with IL-
1β, TNF-α and CDX1 and CDX2 in GC clinical 
specimens (P < 0.05 or P < 0.01) (Figure 2).

PTEN and p16 expression levels were declined 
in various human GC cell lines

The qRT-PCR results showed that, the relative 
mRNA expression levels of PTEN and p16 were 
all reduced in all the enrolled human GC cell lines, 
particularly in AGS cell line when compared with 
the normal control GES-1 cell line (P < 0.05) (Figure 
3). Thereby, the AGS cell line was used as the 
subsequent experiments in cell and animal in vitro 
and in vivo, respectively.

Over-expression of PTEN/p16 weakened the 
inflammatory reaction and IM 

Figure 4 A and B revealed that, the over-

expressed PTEN and p16 were successfully 
constructed in AGS cells, respectively. Besides, the 
over-expression of PTEN/p16 caused a decrease of 
expressions of IL-1β, TNF-α, CDX1 and CDX2 (P 
< 0.05) (Figure 4 C and D).

Over-expression of PTEN/p16 weakened the 
occurrence of carcinogenesis

In this study, carcinogenesis could be reflected 
by malignant biological behaviors of GC, including 
cell proliferation and tumor growth. The cell 
proliferation capacity analysis detected by CCK-8 
showed that, the over-expression of PTEN and p16 
reduced the OD value in 450 nm at 72 h in AGS 
cells (P < 0.01) (Figure 5 A and B). The experiment 
of subcutaneous tumorigenesis in nude mice showed 
that, the over-expression of PTEN and p16 obviously 

Figure 2: Relevance of relative mRNA expressions between 
PTEN/p16, IL-1β/TNF-α, and CDX1/CDX2 in GC clinical 
specimens. PTEN, phosphate and tension homology deleted on 
chromsome ten; IL-1β, interleukin-1β; TNF-α, tumor necrosis 
factor-α; CDX1/2, caudal type homeobox transcription factor 
1/2; GC, gastric cancer.

Figure 3: Relative mRNA expressions of PTEN/p16 in various 
human GC cell lines. *P < 0.05 vs. GES-1. PTEN, phosphate 
and tension homology deleted on chromsome ten; GC, gastric 
cancer.

Figure 4: . Over-expression of PTEN/p16 weakened the inflam-
matory reaction and IM. A and B: Transfection efficiency of the 
construction of over-expressed PTEN/p16 detected by using 
qRT-PCR. C and D: Expression changes of IL-1β/TNF-α, and 
CDX1/CDX2 after up-regulation of PTEN/p16 expression. *P 
< 0.05 vs. vector. PTEN, phosphate and tension homology de-
leted on chromsome ten; IL-1β, interleukin-1β; TNF-α, tumor 
necrosis factor-α; CDX1/2, caudal type homeobox transcription 
factor 1/2; IM, intestinal metaplasia.
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inhibited the tumor volume on 14, 28 and 35 day 
after seeding the AGS cells in subcutaneous areas 
in nude mice (P < 0.01) (Figure 5 C and D). On the 
35th day after seeding the AGS cells in subcutaneous 
areas in nude mice, the tumor weight presented a 
marked decrease in nude mice with over-expression 
of PTEN and p16, compared with null vector control 
nude mice (P < 0.01) (Figure 5 E and F).

Discussion

The initiation and development of GC is a 
very complex process closely related to a variety of 
factors involving a genetic and epigenetic changes, 
especially the activation of oncogenes and the 
inactivation of TSGs or abnormal expression of 
them(11,19,20). Moreover, the loss or inactivation of 
more than 20 types of TSGs have been reported 
to be participated in multifarious human solid 
tumours(21).  Loss of TSG in PTEN expression is 
closely related to the poor prognosis and outcome, 
a more advanced stage, lymphatic vessel invasion 

and nodal metastasis of GC(14,19). Loss of TSG 
in p16 expression is associated with the tumour 
progression both in early and advanced stage of 
GC(19). Importantly, CAG is closely associated with 
GC, and CAG is often accompanied by IM which is 
usually considered as a precancerous state of GC(22). 
The current accepted pattern of GC is CAG-gastric 
mucosal IM-gastric mucosal atypical hyperplasia 
(intraepithelial neoplasia)-GC.  This process is 
related to polygenic changes including activation 
of proto-oncogenes and inactivation of TSGs, 
amplification of proto-oncogene and overexpression 
of oncogene products(10). However, the roles of 
PTEN/p16 on IM have not been reported till now. 
Therefore, we assume PTEN/p16 can promote the 
progressions of GC by arousing the inflammatory 
reaction and IM in gastric mucosa.

In this study, we detected the expressions 
of TSGs of PTEN and p16, inflammatory factors 
of IL-1β and TNF-α, and the markers of IM of 
CDX1 and CDX2 in the gastric mucosa specimens 
from normal group, CAG+SIM group, CAG+CIM 
group, and GC group. The results showed that the 
down-regulated expressions of PTEN and p16, 
up-regulated expressions of IL-1β and TNF-α, 
and CDX1 and CDX2 were associated with the 
degree of IM and canceration of gastric mucosa. 
Furthermore, the expression levels of IL-1β and 
TNF-α, and CDX1 and CDX2 were negatively 
associated with PTEN and p16 in gastric mucosa of 
human GC. We also found that PTEN and p16 were 
down-regulated in diverse GC cell lines.Then, over-
expressed PTEN and p16 were constructed in GC 
cells. It is found that the inflammatory reaction and 
IM were lightened with declined expressions of IL-
1β and TNF-α, and CDX1 and CDX2. Meanwhile, 
the over-expressed PTEN and p16 visibly inhibited 
the GC cell proliferation and tumor growth abilities. 
These findings indicate that down-regulated PTEN 
and p16 levels may cause an increase of expressions 
of inflammatory factors and IM markers then to 
aggravate the canceration. 

It is well known that colonic IM may occur on the 
basis of gradual aggravation of small IM.In this study, 
we found that the expressions of PTEN and p16 were 
gradually declined in CAG+SIM group, CAG+CIM 
group and GC group when compared with the normal 
group, and the PTEN and p16 expression levels were 
also declined in CAG+CIM group or GC group, 
compared with CAG+SIM group. Additionally, the 
expressions levels of IL-1β and TNF-α, and CDX1 
and CDX2 revealed a similar opposite trend with 

Figure 5: Roles of over-expression of PTEN/p16 in cell prolife-
ration and tumor growth. A and B: Roles of over-expression of 
PTEN/p16 in cell proliferation reflected by OD values at 450 nm 
detected by CCK-8. C-F: Roles of over-expression of PTEN/p16 
in tumor growth reflected by tumor volume and tumor weight. 
**P < 0.01 vs. vector. PTEN, phosphate and tension homology 
deleted on chromsome ten.
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PTEN and p16. Our results supported that colonic 
IM was more severe than small IM, and colonic 
IM may more easily develop to GC. Weightily, 
inflammation can produce a negative impact on 
mucosal architecture and then trigger diversiform 
gastrointestinal diseases(17). Existing assumptions 
also can support our findings that the glandular neck 
stem cells of gastric mucosa have the potential to 
secrete in many aspects, and it can differentiate into 
mature epithelial cells of various gastric mucosa at 
normal conditions. Colorectal metaplasia is more 
prone to carcinogenesis and becomes intestinal 
gastric cancer after carcinogenesis. In addition, stem 
cells differentiate directly into intestinal cells in 
carcinogenesis, and can also form intestinal gastric 
cancer. CDX1 and CDX2 are the common and iconic 
protein molecules of IM, which are recognized as 
intestinal specific factors and the significantly up-
regulated expressions of CDX1 and CDX2 occur 
in gastric mucosa intestinal epithelial metaplasia. 
CDX1 and CDX2 can induce undifferentiated 
cells differentiate into intestinal epithelium, and 
advance the human stomach to arise IM, epithelial 
dedifferentiation even cancerization(23,24). In this 
study, the expression levels of CDX1 and CDX2 
also increased in gastric mucosa specimens from 
CAG+SIM group, CAG+CIM group, and GC 
group compared with normal group. At present, 
the IM in stomach is regarded by some scholars 
as a precancerous lesion of GC, which occurs in 
about a quarter of individuals around the world(22,25). 
Epidemiological study has found that IM patients 
are more than 10 times more at risk of developing 
GC(9). Effective diagnosis and regular control of IM 
patients has become a hot topic in early screening 
and prevention of GC. Therefore, ameliorate 
inflammatory reaction and IM may be effective 
strategies to prevent the development of GC.In 
the present study, when PTEN and p16 expression 
was increased, then the cell proliferation and tumor 
growth abilities of GC cells were dramatically 
weakened, and the proinflammatory factor levels of 
IL-1β and TNF-α as well as the labeled molecules 
of IM of CDX1 and CDX2 were also distinctly 
declined. Previous researches suggest that aberrant 
powerful cell proliferation and tumor growth abilities 
are the main features of GC which can be regulated 
by oncogenic or anti-oncogenic genes(6-8). Moreover, 
as anti-oncogenic genes, PTEN and p16 have been 
attested to play an inhibitory action on inflammatory 
response(15,16). These evidences are consistent with 
our findings, and our research is the first study to 

illuminate the inhibitory effects of PTEN and p16 
on IM.

To sum up, PTEN and p16 can inhibit the 
inflammatory response and reduce the IM in gastric 
mucosa of CAG, thus preventing the occurrence of 
carcinogenesis. The over-expression of PTEN and 
p16 may be an effective means of GC. However, this 
needs to be further verified by more research.
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